1E¥¥IE  ACTA AGRONOMICA SINICA 2007,33(3) :469 — 475 http: //www . chinacrops . org/zwxb/
ISSN 0496-3490; CODEN TSHPAS E-mail: xbzw @ chinajournal . net . cn

RERBLHEALSHENTR
HEE I O AwE EKEWAT 2

CRAARFEY TR S EATIH, TTLH 110004; > WARLKR¥RER, L THH 110161; > BB B522k0 B A £ BFITH LT 0B

110016)

B OE: U3SHARAEERRERAREXNEAME BIRTEREGTARRERMFEMRAEARE R AT SHE,
SGREY, SHEREAMBAL, FEEMEST A OSILSE FBERNEE co, REMNEATRES, EARA LM
MELBHARR,EP AR B RER 30 SHMB ZI6 ZA NS A ERER KB E KT A GRS EEREY
AAH RuBP RAMEH B ETROZHREAMBYFEEYEF LA EHTEE b METBURN SR b XEE
. EWMHHLRGAMEN H RBP RUBNZBREANKS SEENRERPRABIBTERE THE, BE
FARENSHEA, LTS ZHREE D OFTIRNENTRESH R,

KGR BIE; Br; CpTl; Aotk
Photosynthetic Characteristics of Bt or CpTI-Bt Transgenic Cotton at Seedling
Stage

SUN Cai-Xia', QI Hua®, SUN Jia-Qiang', ZHANG Li-L, and MIAO Lu'

(* Tnstitute of Biotechnology, North University, St 110004, Liaoning; * Agronomy College, Agricultural Univessity of Shenyang, Shenyang 110161,
Liaoning; * Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, Liaoning, China)

Abstract: Photosynthesis is an important physiological process related to yield production and biomass accumulation in
plants. With the research, development and application of genetically modified (GM) crops in the world, their risk
assessment has been paid an increasing attention. In order to find out effects of exogenous genes on photosynthesis in
transgenic plants, photosynthetic characteristics of transgenic Bt (Z30) and CpTI-Bt ( CCRI41 and SGK321) cotton at
seedling stage were studied by pot experiment. The results showed that the changes of stomatal conductance, transpiration
rate and intercellular CO, concentration in the leaves of Bt and CpTI-Bt transgenic cotton were not obvious in comparison
with non-transgenic cotton (Z16, CCRI23 and SY321, respectively) and differed among different cotton cultivars. The
difference of net photosynthetic rate between Bt transgenic cotton Z30 and non-Bt cotton Z16 was significant. The
RuBPcase activity was decreased significantly and the GO activity increased significantly in the leaves of all tested
transgenic cotton in comparison with non-transgenic cotton. But there were not significant differences in the content of
Chlorophyll a, Chlorophyll b, Chlorophyll a/b, and the total Chlorophyll content between transgenic and non-transgenic
cotton. The responses of photosynthetic rate to light intensities in mature cotton leaves were also measured under different
light intensity conditions (the light intensities were 0, 10, 20, 40, 60, 80, 100, 200, 400, 600, 800, 1 000, and 1 200
pmol m™% 571), The parameters of apparent quantum yield, maximum net photosynthetic rate, apparent dark respiration
rate, light compensation point and light saturation point were calculated by model fitting. The possible changes of these
parameters were observed at a certain extent. But the results still need to be validated through farther test. From these
results, the processes of ph hesis and respiration lated by RuBPcase and GO are changed possibly. The analysis
by combination of dry biomass and photosynthetic characteristics studied in this experiment indicated that the response of
biomass accumulation to genetical modification by exogenous genes of Bt and CpTT in transgenic cotton was related to both
photosynthesis and other processes which were not studied in this experiment. The unanticipated effects of transgenic crops
would be more uncertain and complex along with diversification of transgenic genes.
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1 #HEEE
1.1 HREHESER

% B HERE DR 30(ZB0)REREES

i 16(Z16) ;¥ CpTT - B: WA HLHLA# 321(SGK321)
RT3 B AT 321(SY321) ;8% CpTI-Br W
HLRM A BT 41 (CCRI41) R H F 4k xt M P AR A
23(CCRI23) , ¥ | o B % b Bk 25 B 4 26 BF 5T B # R
BESRE. EEHTREHNFNS AZLR, 547
SH,BA¥T 4k, HEEBAET 3 4. ftl+
R RALHALXERRE, HEEEN
H12.52gkg™ &E1.22 g kg™ 2B (P,0,)1.12 ¢
kg™' 2 (K,0)24.24 g kg™ R EHE A 106.37 mg
kg ' BB 15.92 mg kg AR 143.29 mg
kg™',pH5.720 LUKIE—REHARE 1.25 g &
M KH,P0,0.97 g & 7'c HARFEHELEREMNT
RHET. EREFHEH(EZLES~6 AHT)
BUREF M .
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COR A A4 i L1-6400 FEHR 64 B S WAL,

BB KRR R RMEER 3 AWML, EBX TR
FR5E R HoAH X8 E B i) py i E 22 BB R R E
FrBI¥§ 6 A 3 3 (P, , net photosynthetic rate, gmol CO,
m? s ). ML Al CO, # B (C,, intercellular CO,
concentration, umol CO, mol ™! air), & B BB 5
(PAR, photosynthetic active radiation,pmol m > s™') K
LS E (G,, stomatal conductance, mol H,0 m™* s7') .
B 8 % ( T., transpiration rate, mmol H,0 m™? s™')
&, KB % M (L, stomatal limitation) F| f
Downtonmff?fﬁ'ﬁ, Ly = % ~1- %jiﬁﬁlﬂ
C,\C, M T 43315, K B CO, ¥ BE .Mt} Co, %
BERCO, #MER, B, B RER 2 2, MEE
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X4 5538 B % BE (PPFD) B W B o B3R By LI-6400 41
¥ 2BL ED JGIR#EAT B ShE S, M R B LI-6400
BESRHBERHNERS£1)C, A 1200 pmol m™?
s ~0RE 13 MBEARIIRE, WE P,-PAR
N H 2%
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Michaslis Menen #5047 L4y, P, = oo me _
R, ,AF « REATHAEFHARK(WERETF
3%, apparent quantum yield), P, RBE K& NG &
R (maximum net photosynthetic rate) , R, & 3% W i i
1% 3% 52 (apparent dark respiration rate ) o

Je#h 45 (LCP, light compensation point) LCP =
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Fig.1 P.(A), G,(B), C,(C), T.(D),and L,(E) of leaves in different cotton cultivars
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HEHEARF, FHEFERIE 230 fl CCRI41 B AQY
B2 3 b R AR R B A X R PR K 8.169% F1 2.32%, T
¥ B WL SCK321 M B 3k %5 B B xF KR 3 o
24.85% ,ERIFE BB # 18 230 1 CCRI41 I HH b
WEEAH BT TR EEBE SCK321 Fl AR K
BBAME PR, HEEME 230 1 SGK321 #

P A7 5 b B 3E 5% 5 R X BRI 13.98% F01 28.35%,
i 2 E ML CCRI4T (1 P, T b 3 4k %% 5t R X PR
¥ 18.68% , e MU ¥ 5 B M AE Z30 1 SGK321 XA
BRI R RS R BB A T W T O 2 R AR
CCRM1 X364 F S48 5T 19 F FI A0 38 57 68 114 Pr ik
o HEEHBEMAEMAL, HERMIE 230 M
CCRHM1 9 R, .LCP I ISP HA MM EEHE,
AR, Wik EEME SCK321 M EREZHFIES
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Table 1  Variance analysis of indices studied in different cotton cultivars with S-N-K method
BREEE KAFE A CO, WE  HEHER i HEREXR RuBPRAMEH ZERELAMNEHE

GhF P, G, C; T, R il {2 Chlorophyll RuBPcase activity GO activity

Cultivar  (pzmol CO, (mol H,0 ( pmol €O, (mmol H,0 L, content (pmol min~"g~! (U min~! g~!
m~2%s"!) m-%s") mol ~ ' air) m~2s"") (mg g™ 'FW) FW) FW)

716 9.7b 0.117 a 221 a 1.46 ab 0.416 a 2.93 ab 0.241 ¢ 153 a

730 T 5.6a 0.081 a 249 a 1.15a 0.339 a 2.74a 0.363 b 10.9¢
CCRI23 17.5¢ 0.209 ab 206 a 2.35 be 0.458 a 3.04 ab 0.274 ¢ 14.3a
CCRI23 17.5¢ 0.209 ab 206 a 2.35 be 0.458 a 3.04 ab 0.274 ¢ 14.3a
SY321 12.4b 0.198 ab 240 a 2.40 be 0.365 a 3.41 )b 0.153 b 13.8 ab
SCK321 11.0 b 0.129 a 209 a 1.85 ab 0.446 a 3.45b 0.294 a 12.2 be

Fl— 5 s i AR R AN AR 22 & R 2 ) (9 32 5% 8 3 1£:(0.05 K ),

Figures followed by the same letter in each row are not significantly different (at P =0.05).
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Fig.2  Responses of P, to light in different cotton cultivars
22 FEMESHSREAREXMNEHRAKSH
Table2  Photosynthetic parameters of different cotton cultivars in response to light
- )
2% SR TR ﬁk’?}?‘f: HE ﬁmﬁg'&ﬁQ‘ %%&%ﬁ. %%@A K;gﬁﬂﬁ R &
Parameter AQY (gmol m-2 5°1) (pmol m=? s71) (pmol m™2 s71) (umol m™? ') R? of Model fitting
16 0.1066 + 0.0115 22.10+0.61 1.1400 £ 0.3842 . 11.28 £6.47 837.54+36.78 0.9943
730 0.0979 + 0.0108 19.01 £0.53 1.1790 £ 0.3457 12.85+6.02 839.08 + 46.42 0.9940
CCRI23 0.1166 = 0.0216 17.18+0.74 1.0773 £ 0.5760 9.88+£9.05 640.01 + 94.90 0.9827
CCRI41 0.1139 £ 0.0139 20.39+0.60 1.1943 £ 0.4210 11.10+6.60 755.12+50.63 0.9928
S§Y321 0.0853 + 0.0097 19.58+1.10 1.1050 £ 0.3457 13.66+7.05 954.76 £ 41.43 0.9938
SGK321 0.1065 + 0.0130 14.03 £ 0.40 1.0217 £ 0.3196 10.32:+5.21 610.71 + 69.55 0.9922
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Fig.3 Chlorophyli content in leaves of different cotton cultivars
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Fig.4 RuBPcase (A) and glycollate oxidase (B) activities in leaves of different cotton cultivars
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Table 3

Plant height, leaf area per plant and dry biomass in different cotton cultivars

28 2307 B ER THHER
Parameter Plant height(cm) Leaf area (cm® plant™') Dry biomass (g plant ')

716 52.0+0.93 541.1+55.48 2.80+0.46

Z30 39.4+1.60 295.5+63.33 1.48+0.31
CCRI23 52.1+2.68 542.1+70.12 3.76£0.20
CCRI41 56.7+1.30 704.9 £ 57.32 3.32+1.87
SY321 50.6 +0.40 564.8 + 52.56 3.92+0.43

SGK321 49.1x3.01

483.6 + 40.88 5.31+0.56

3 itig

BEAEYREHREES -RIIBMERESLT
W AERETHRTR I VER(CHFEHERE.
RETEEWICER . BEBEFFIS)BAZEK
HEAXMVHBENEM AR EE U R EEHEHE
B, IRBFEHEENEHRIIRU R ARER Y
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£ 5 RuBP RALEE N GO MM B R H XA
4 88 B0 BT AT BB S R R TN I SRR K F B e sk R e A
X, BHURREFAREERERRAX AXHET
SHBKER RERAAAREEANESREER
HMER™, RIMWERSAHB LRI,
i FHEEEY, EEEALRENERE ETRS
HHSIEHIEFPRLEMARESE R, HEH



34

PEES FHEEAREBE & SRR 475

MR T2 WO R~ RIEN, EEEEY
&, AP I AL Rt e B M & 4
AR X ERESRENTESHBER
PRI A & 5 7 I LR 22 B (RO B R BB —

References

[1] Goldburg R J, Tjaden H. Are Bacillus thuringiensis var. kurstaki plants
really safe to eat? Bio/ Tech, 1990, 8(11): 1011-1016

[2] Losey G E, Raynor L. S, Cater M E. Transgenic pollen harms monarch
larvae. Nature, 1999, 399(20): 214

[3] Liu Q(XUMR), Zhu X-Q(K &) . Biosafery( W E ). Beijing:
Science Press, 2001. pp 28-44 (in Chinese)

[4] Cellini F, Chesson A, Colquhoun I, Constable A, Davies H V, Engel K
H, Gatehouse A M R, K érenlampi S, Kok E J, Leguay J J. Unintended
effects and their detection in genetically modified crops. Food Chem
Toxicol, 2004, 42(7): 1089-1125

[5] Fin R D, Jones C G. Secondary metabolism and the risks of GMOs.
Nature, 1999, 400(4739): 13-14

[6] Ye X, Al Bahili S, Kloeti A. Engineering the provitamin A ( bota-

id-free) rice end m

carotene) biosynthetic pathway into (
Science , 2000, 287(5451) : 303-305

[7] The country develops and reforms the department of high-tech industry of
the committee and Bioengineering society of China( K & R MK ¥ &
REmEART W AMPEAEY TE¥ L), Annual Report on
Bioindustry in China: 2004 (P B A W8 A Pk & R #l & 2004) .
Beijing: Chemical Industry Press, 2005. pp 219-212 (in Chinese)

[8] Downton W ], Loveys B R, Grant J R. Stomatal closure fully accounts
for the inhibition of photosynthesis by abscisic acid. New Phytol, 1988,
108(3): 263-266

[9] Zhang X-Z (3K EH ) . Research Methods of Crop Physiology(#F ¥4 3
B, . Beijing: Agriculture Press, 1992. pp 35-45, 145-148 (in
Chinese)

[10] Li H-S(Z & 4:). Principle and Technology of Plant in Physiology
Biochemical Experiment(1 44 3 4: {b L BRI A B AR ) . Beijing:
Higher Education Press, 2003. pp 164165, 213-214 (in Chinese)

[11] Hadey P C, Tent ID. Modeling the ph heti of Cy

leaves to environment factors. In: Boote K J ed. Modeling Crop
Photosynthesis from Biochemistry to Canopy, CSSA Special Publication
No. 19. Madison: American Society of Agronomy and Crop Science
Society of American, 1991. pp 17-39

[12] Conner A J, Jacobs J M E. Genetic engineering of crops as potential
source of genetic hazard in the human diet. Mutat Res, 1999, 443(1-

2):223-234

[13] Natasha S, John B K, Garry C W. Superfluous transgene integration in
plants. Crit Rev Plant Sci, 2001, 20(3) : 215-249

[14] Notebom HP J M, Lommen A, Van der Jagt R C, Weseman J M.
Chemical fingerprinting for the evaluation of unintended secondary
metabolic changes in transgenic food crops. J Biotech, 2000, 77(1):
103-114

[15] Chen D-H (Bx#84), Wu Y-K (R ZHE), Duan H (¥ ). Swdy
on growth and physiology traits of Bt cotton hybrids. Chin Cotton (!
EH76), 1997, 24(6) : 15-17 (in Chinese with English abstract)

[16] Zhao H-Z (#X ¥ ¥(), Liang Z-J (REE), Qi H-L (FE).
Research on biology traits of Bt cotton. Chin Cotton (‘P ERE),
2002, 29(10) ; 1011 (in Chinese with English abstract)

[17] Tian X-L(H % #), Yang P-Z(# B ). Study on the relationship
between source and sink of Bt transgenic cotton. Aca Gossypii Sin (#
FE%¥4R), 1999, 11(3): 151-156 (in Chinese with English abstract)

[18] Liang Z-J(REF) , Zhao H-I(BMHI), Qi H-LFFRIL), Wang
Y-X(EEH), Nie A-Q(FEK%). Studies on genetic improvement
and effects on production and distribution of photosynthate among
different genotypes of cotton. Acta Gossypis Sin(HETES£4R ), 2005, 17
(1) : 8-22 (in Chinese with English abstract)

[19] Biemelt S, Tschiersch H, Sonnewald U. Impact of altered gibberellin
metabolism on  biomass lati lignin  biosynthesis, and
photosynthesis in transgenic tobacco plants. Plant Physiol, 2004, 135
(1): 254-265

[20] Miso LG8 B%) , Sun C-X(FNE M), Geng LK), Cui Z-B(H# R
B). Studies on lignin content and its key metabolic enzymes in
transgenic cottons at seedling stage. China Biotechnol ("9 H 4 4 T &2
#K ), 2006, 26 (suppl): 143 - 147 (in Chinese with English
abstract)

[21] Kobayashi K, Samobert C, Ares X, Riveo M M, Maldonado S,
Robaglia C, Mentaberry A. Ov
movement protein in transgenic tobacco plants causes developmental and
metabolic alterations. Plant Physiol Biochem , 2004, 42 (9): 731-738

[22] Li L R. Rubisco: ies and Acta Phytophysiol Sin,
1992, 18(2): 217

[23] Wang W-J(E#%), Lin J-Q(##75), Li M-Q(FH ). Binding
between flavin mononucleatide and glycollate oxidase from higher plant.
Acta Bot Sin (R{Y34#), 2000,42(3): 239~243 (in Chinese with
English abstract)

[24] Dong H-Z(E &5 ), Li W-J(FEHIL), Li Z-H(ERK), Tang W
(JE#) . Comparative studies on the intensity of photosynthesis between
Bt transgenic hybrid cottons and its parents. Acta Agric Nucl Sin(#iR
238), 2000,14(5) ; 284-289 (in Chinese with English abstract)

of potato virus X TGBpl




